Findings regarding the association of the single-nucleotide polymorphisms (SNPs) rs4986790 and rs4986791 in Toll-like receptor 4 and rs187084, rs574386, and rs352139 in Toll-like receptor 9 (TLR9) with pulmonary tuberculosis (PTB) susceptibility are inconsistent. We conducted a meta-analysis to systematically summarize and clarify the association between these SNPs and PTB susceptibility.
Background
Tuberculosis (TB) caused by Mycobacterium tuberculosis (M. tb) still is a leading cause of morbidity and mortality worldwide [1] . M. tb infects one-third of the world population; however, only 10% of them progress to active TB, possibly due to complex environmental, genetic, and immunological interactions [2] . Host genetics are considered to play a critical role in the apparent differences in disease progression [3, 4] .
Toll-like receptors (TLRs), which are pathogen recognition receptors (PRRs), play an essential role in host innate response in the pathogenesis of TB. Currently, 11 mammalian TLRs have been identified and TLR 1-10 are functional in humans [5] . TLR1, TLR2, TLR4, TLR6, TLR8, and TLR9 are thought to be involved in the recognition of M. tb.
Activation of TLRs may result in several possible biological outcomes such as cytokine secretion, modulation of the adaptive immune response, rapid cellular differentiation, apoptosis, and direct antimicrobial activity [6] [7] [8] . M. tb cell-surface ligands interact with TLRs that can result in NF-kB activation and the production of proinflammatory cytokines, chemokines, and nitric oxide through myeloid differentiation primary response protein 88 (MyD88)-dependent or independent pathways [9] [10] [11] [12] .
It has been proposed that SNPs of TLR4 and TLR9 genes are associated with PTB susceptibility. TLR-knockout mouse studies indicate that TLR2, TLR4, and TLR9 contribute to host resistance to M. tb infection [13] [14] [15] [16] [17] . Recently, a series of studies have been conducted to investigate the association between the TLR4 and TLR9 polymorphisms and the risk of pulmonary tuberculosis (PTB) in diverse populations, but the results were mixed and inconclusive. Therefore, we performed a meta-analysis to evaluate the association of TLR4 and TLR9 SNPs with the susceptibility to PTB.
Material and Methods

Publication search
A systematic search was performed for published studies on the relationship between TLR9 polymorphisms and PTB susceptibility, without language restriction. PubMed, EMBASE, Web of Science, and 2 Chinese databases (Chinese National Knowledge Infrastructure and Wanfang databases) were utilized to search the available articles, with the last search update on September 30, 2014 . The following terms were used: "Toll-like receptor 4 OR Toll-like receptor 9 OR TLR4 OR TLR9", "tuberculosis", and "polymorphism OR polymorphisms", without any limitation applied. The articles retrieved were screened and selected independently by the 2 authors (L.Y. and K.X.J.) using eligibility criteria. The reference lists of selected articles and review articles were also examined to identify additional eligible studies.
Inclusion and exclusion criteria
Studies in this meta-analysis met the following inclusion criteria: (1) evaluated the relationship between TLR4 rs4986790 (Asp299Gly) and rs4986791 (Thr399Ile) and TLR9 rs352139, rs187084, and rs5743836 polymorphisms with tuberculosis susceptibility; (2) case-control study; (3) detailed genotype frequency data could be acquired to calculate the odds ratios (ORs) and 95% confidence intervals (CIs); and (4) original articles published in peer-reviewed journals. Exclusion criteria were: (1) studies that did not specify sample origins; (2) studies with no detailed genotype data; (3) studies with insufficient or duplicate data; (4) studies with same author from same country of origin. Two independent investigators selected the studies according to the inclusion and exclusion criteria by screening the title, abstract, and full text. Any dispute was resolved by discussion.
Data extraction
The following information was collected in duplicate by 2 investigators independently (Z.L.L. and L.K.H.) according to the criteria described above: name of first author, year of publication, the characteristics of cases and controls, country of origin, the detective sample, ethnicity, genotyping methods, Hardy-Weinberg equilibrium, number of cases and controls, and genotype frequency in cases and controls of the selected polymorphisms. For those studies that included subjects of PTB, extra-pulmonary tuberculosis, and tuberculosis meningitis, only the data on PTB cases and healthy controls were collected. If there was a disagreement about data, the 2 investigators rechecked the original data of the included studies and had a discussion to reach consensus; otherwise, the third investigator adjudicated the disagreements (K.X.J.).
Quality score assessment
Two investigators (T.Z.X. and W.Y.X.) assessed the methodological quality of each eligible article included in this metaanalysis according the Newcastle Ottawa Scale (NOS) based on 3 aspects: selection, comparability, and exposure, with scores ranging from 0 to 9 [18] . The standard of high quality was NOS score ³7.
Statistical analysis
Initially, Hardy-Weinberg equilibrium (HWE) for each study was assessed by chi-square test in the control groups, and P<0.05 was considered as deviation from HWE. The crude odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated to assess the strength of association between the included polymorphisms and PTB risk. A p-value <0.05 was considered to indicate statistically significant association. Studies with zero value in both groups were excluded from meta-analysis, for such studies do not provide any indication of either the direction or magnitude of gene and disease association. Pooled ORs were performed for allelic comparison, homozygote model, heterozygote model, dominant model, and recessive model. The statistical significance level was determined by Z-test with P value less than 0.05. The chi-square based on Q statistic test was used for the assessment of heterogeneity and P<0.1 was considered statistically significant. When the effect was assumed to be lack of heterogeneity, the fixed-effects model (Mantel-Haenszel method) was used to calculate the pooled OR and 95% CIs; otherwise, the random-effects model (DerSimonian-Laird method) was used [19] . Sensitivity analysis was also conducted to evaluate the effect of each study on the combined ORs by omitting each study in each turn. Subgroup analysis was also performed to assess the ethnic-specific effect. Potential publication bias was checked by Begg's funnel plots and Egger's test [20, 21] . An asymmetric plot and the P value of Egger's test less than 0.05 was considered representative of statistically significant publication bias. All analyses were done using Stata 12.0 software (StataCorp, College Station, TX, USA). A 2-tailed P<0.05 was considered significant except for specific conditions, where a certain P value would be declared.
Results
Study characteristics
The literature selection process is shown in Figure 1 . We initially identified 332 relevant articles. After excluding overlap between the databases, 273 abstracts were evaluated. Subsequently, 22 articles with full texts that met the inclusion criteria were assessed. Then 10 of the remaining 27 articles were excluded, among which, 1 had no relation to tuberculosis [22] , 2 had duplicate data [23, 24] , 2 were not related to the included SNPs [25, 26] , and 4 did not present specific data on the included SNPs genotype [27] [28] [29] [30] [31] . Finally, a total of 12 eligible articles were included in the current meta-analysis [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] .
The characteristics of each included study are listed in Table 1 . There were 32 case-control studies published from 2004 to 2013. We finally analyzed 14 studies containing 2801 cases and 2590 controls for rs4986790, 8 studies containing 2137 cases and 1656 controls for rs4986791, 4 studies containing 1103 cases and 1301 controls for rs352139, 3 studies containing 635 cases and 696 controls for rs187084, and 3 studies containing 608 cases and 633 controls for rs5743836. Different genotyping methods, including polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), TaqMan, DigiTag2, and Illumina GoldenGate genotyping assay were utilized. The genotyping distribution was in agreement with HWE in all studies. The methodological quality scores of all included studies ranged from 7 to 9, with all the studies identified to be high quality.
Tests of heterogeneity
Significant heterogeneities for rs4986790 were found in the overall analyses under allelic model and for rs352139 in the overall analyses under 5 genetic models ( Figure 2 , Table 2 ). After subgroup analysis by ethnicity, for rs4986790, significant heterogeneities only existed in Asians, and for rs352139 most of the heterogeneity could be eliminated through ethnicityspecific analyses. For the other polymorphisms -rs4986791, rs187084, and rs5743836 -no heterogeneity was found in the overall analyses using 5 genetic models. 
Meta-analysis results
The association between the included polymorphisms and the susceptibility to PTB was first analyzed. As shown in Figure 2 and Table 2 , no significant association was identified for any polymorphisms in overall analyses in any genetic model. Next, we performed subgroup analysis according to ethnicity, and significant association was still not found between the polymorphisms rs4986790, rs187084, and rs573836 and PTB risk in diverse populations. For TLR4 rs4986791, a significant decreased risk was observed in Africans in allele and dominant models. However, there were only 2 studies that analyzed in Africans, suggesting the results was not very convincing and further studied are need to verify the conclusion. For TLR9 rs352139, the association with PTB risk was found to be significant in allelic, heterozygote, and dominant models.
Publication bias
Begg's funnel plot and Egger's test were carried out to assess the publication bias among the selected studies for the polymorphisms rs4986790 and rs4986791 in TLR4 and rs352139 in TLR9. Symmetrical funnel plots were obtained in all the genetic models (Figure 3 ). The Egger's test was also performed to provide the statistical evidence of publication bias. The findings showed lack of publication bias for all the included polymorphisms among all comparison genetic models except for TLR9 rs352139 in dominant model (P Begg =0.089, P Egger =0.002).
No funnel plot or Egger's test were performed for the association between rs187084 and rs5743836 and PTB susceptibility due to the limited number of included studies. 
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Sensitivity analysis
Sensitivity analysis was performed to examine the influence of any individual study on the pooled ORs for the polymorphisms rs4986790 and rs4986791 in TLR4 and rs352139 in TLR9 by deleting each study once in every genetic model, and we arrived at almost the same results (Figure 4 and data not shown). 
Discussion
In the present meta-analysis, we pooled a total of 32 casecontrol studies to evaluate the association of rs4986790 and rs4986791 polymorphisms in TLR4 and rs352139, rs187084, and rs5743836 polymorphisms in TLR9 with PTB susceptibility, and found that none the included polymorphisms were associated with PTB risk in overall analysis under all 5 genetic models. After subgroup analysis according to ethnicity, we found that TLR4 rs4986791 and TLR9 rs352139 might contribute to PTB infection in Africans and Asians, respectively. [44] . It has been reported that TLR2 or/and TLR9 deficiency makes mice susceptible to M. tb infection [17] . TLR4 and TLR9 activation is essential for the maintenance of M. tb Ag elicited pulmonary granulomatous response; however, the underlying mechanism is unknown. A series of SNPs have been identified, including rs4986790 (Asp299Gly, +896A>G) and rs4986791 (Thr399Ile, +1196C>T) in TLR4 and rs187084 (C-1486T), rs5743836 (C-1237T), rs352139 (G+1174A), and rs352140 (G+2848A) in TLR9 in different ethnicities (45) . Rs4986790 and rs4986791 polymorphisms in TLR4 are the most widely studied and have been implicated in several diseases, including carcinomas. Rs187084 and rs5743836 polymorphisms of TLR9 are located within the putative promoter region of the gene that may influence the transcriptional regulation of the TLR9 gene by altering the binding of transcription factors. In contrast, rs352139 and rs352140 in the introns may affect mRNA splicing and/or enhance TLR9 gene transcription.
The functional evidence supports that TLR4 and TLR9 are genetic components in the risk of PTB, and the association of several SNPs with PTB susceptibility has been determined. However, the recent studies on TLR4 and TLR9 gene polymorphisms with PTB sociability are still contradictory because a single case-control study only provides a small test power due to a limited sample size. In this study, we performed a systematic search in several electronic databases, including PubMed, Web of Science, CNKI, and Wanfang database, on the association of TLR4 and TLR9 polymorphisms with PTB up to December, 2014. Finally, 16 articles with a total of 32 casecontrol studies containing a total of 14 160 participants were enrolled in this meta-analysis. After pooling independent analyses, we did not find any associations of TLR4 and TLR9 polymorphisms with the susceptibility to PTB overall under all the genetic models. However, further subgroup analysis suggested TLR4 rs4986791 was correlated with PTB risk in Africans under allelic and dominant models, and TLR9 rs352139 polymorphism was correlated with PTB risk in Asians under allelic, heterozygote, and dominant models.
Recently, several genome-wide association studies have been performed to indentify the SNPs that influence PTB susceptibility [46, 47] . However, no polymorphisms in TLR4 and TLR9 were identified to be significantly related to PTB risk, which might due to sample size, ethnicity, or geographical limitations. Unfortunately, we could obtain the genotype frequencies in the GWAS studies related to the polymorphisms in TLR4 and TLR9. To the best of our knowledge, the present study is the most recent meta-analysis to address the association of TLR4 polymorphisms and PTB risk. In a previous meta-analysis that enrolled the articles related to TLR4 polymorphism and PTB risk up to February 2012, the researchers found no association between TLR4 rs4986790 and rs4986791 polymorphism and PTB; however, subgroup analysis were not performed. In the present meta-analysis, we included the related studies up to December 2014 and verified the conclusions. Furthermore, we performed subgroup analysis according to ethnicity and found a decreased risk of PTB in Africans who harbor rs4986791 polymorphism, although there were few enrolled studies, suggesting more attention should be paid to the association of rs4986791 and PTB risk. In contrast, this is the first meta-analysis to investigate the association of TLR 9 polymorphisms with PTB susceptibility. There are some limitations in our meta-analysis that should be considered. Firstly, the number of the included studies limited further analysis and made the results tentative. Secondly, we did not perform an evaluation of potential interactions such as polymorphism-polymorphism, gene-gene, and gene-environment due to the lack of sufficient data. Further well-designed case-control studies with larger sample sizes focusing on diverse populations should be conducted to confirm the results.
Conclusions
Our comprehensive conclusion from the current meta-analysis is that TLR4 rs4986791 might correlate with the decreased risk of PTB in Africans, and TLR9 rs352139 polymorphism might associate with the increased risk of PTB in Asians, but rs4986790, rs187084, and rs5743836 were not independent risk factors for PTB susceptibility.
